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1.0  Introduction 

This  report  will  provide  a  review  of  both  existing  and  newly  attempted  methods  for 
processing  Terfenol-D.  This  review  will  describe  each  process  and  highlight  both 
benefits  and  drawbacks  of  each  method.  The  commonly  used  method  of  manufacturing 
Terfenol-D  today  is  the  referred  to  as  the  Float  Zone  Growth  Method.  EDO  proposed  to 
develop  the  following  two  alternate  manufacturing  methods  the  Traveling  Heater 
Method  and  the  Dash  Method.  The  Traveling  Heater  Method  appeared  to  provide  the 
greatest  probability  of  success  and  was  therefor  the  focal  point  at  the  onset  of  the 
process  development.  Due  the  short  duration  of  the  contract,  approximately  3-4 
months,  little  effort  was  initiated  on  the  DASH  Method. 

2.0  Program  Objective 

The  objective  of  this  program  has  been  to  develop  low  cost  processes  that  would 
produce  single,  non  dendritic,  and  non-rotationally  twinned  crystals  of  the  rare  earth 
magnetostrictive  material  Terfenol-D  (RFe2). 

The  performance  benefit  of  the  development  of  the  stated  material  would  be  a  higher 
magnetostrictive  strain-field  constant,  as  illustrated  in  Figure  2-1,  which  in  turn  would 
result  in  lower  DC  bias  fields  and  more  compact  bias  coils/bias  magnets.  The 
saturation  strain  is  expected  to  be  similar  to  existing  Terfenol-D  materials. 

A  second  benefit  would  be  derived  in  cost.  High  raw  material  costs,  labor  intensive 
manufacturing  techniques  and  low  manufacturing  yields  results  in  very  high  end 
product  costs.  The  use  of  low  purity  materials  (ie  lower  cost)  combined  with  automated 
processes  would  result  in  a  substantial  reduction  of  costs  on  the  order  of  5  to  1. 

3.0  Fe  Tbx  Dy(l-x)  Compounding 

The  raw  materials  (Fe  platlets,  Dy  and  Tb  chunks)  are  compounded  using  an  arc  melter 
in  an  non-reactive  argon  environment.  The  uncompounded  materials  are  set  on  a  water 
cooled  copper  hearth.  This  prevents  the  materials  from  melting  onto  and  reacting  with 
the  copper  surface.  The  high  current,  low  voltage  arc  melter  provides  the  heat  to  melt 
and  compound  the  materials.  The  slab  of  material  is  flipped  over  and  repeatedly 
melted.  Typically  the  Tb  and  Dy  are  compounded  first. 

The  stoichiometry  of  this  mixture  can  be  affected  during  this  compounding  process. 
Loss  of  material  can  occur  through  material  ejection  (slab  cracking)  or  through 
vaporization.  In  Float  Zone  Growth  all  of  the  materials  remain  with  the  final  rod  (i.e. 
no  transport  of  excess  material  or  contaminants  to  an  end).  A  change  in  stoichiometry 
can  dramatically  effect  the  performance  of  the  final  product. 

An  improved  method  of  compounding  larger  volumes  of  material  is  detailed  in 
Appendix  A.4.  but  was  not  implemented  during  the  program. 
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4.0  Fe  Tbx  Dy(l-x)  Casting 

The  compounded  material  is  placed  in  a  quartz  crucible  and  melted  using  an  RF 
induction  heater  in  an  non-reactive  argon  atmosphere.  The  molten  material  is  then 
either  poured  into  or  drawn  up  into  a  quartz  tube. 

The  pouring  technique  utilizes  a  quartz  crucible  with  a  hole  in  its  base.  A  thermocouple 
rod  seals  the  hole  in  the  base  of  the  crucible  imtil  the  desired  pouring  time.  Many  rods 
can  be  cast  in  a  short  period  of  time  using  this  technique. 

The  second  technique  applies  a  partial  vaccum  to  the  end  of  the  quartz  tube. 

Pressurized  argon  on  the  surface  of  the  molten  compoimded  material  forces  it  up  into 
the  tube. 

The  major  problem  with  either  technique  is  bracking  of  the  quartz  tube  during  casting. 
The  tube  must  be  preheated  prior  to  filling.  A  resistance  heater  placed  around  a  tube(s) 
will  raise  the  temperature  to  approximately  800°C. 

5.0  Float  Zone  Growth  Method  (FZGM) 

This  process  requires  the  use  of  an  off-stoichiometric  compoimded  material,  as 
illustrated  in  Figure  5-1.  RFe2  is  the  desired  magnetostrictive  end  product.  This  process 
generates  plate  like  dendritic,  edged  defined,  rotationally  twiimed  crystals.  Between 
the  rotational  twins  is  a  backbone  of  rare  earth  rich  material.  The  typical  float  zone 
growth  process  steps  are  as  follows: 

An  RF  induction  heater,  surrounding  the  rare  earth-iron  rod,  creates  a  molten  zone  in 
the  sample  rod  (compounded  and  cast  material).  As  the  heater  or  rod  is  translated 
along  the  molten  zone  moves  with  it.  The  rate  of  translation  is  dependent  upon  the 
induction  heating  effectiveness.  Input  power  flucuations  (5%  common)  dramatically 
effect  the  temperature  and  therefor  the  rate  of  travel.  If  the  molten  zone  is  not  wide 
enough,  it  results  in  a  freeze  out  in  the  center  of  the  rod.  This  results  in  a  core  of 
unoriented  material  and  a  useless  rod.  Unfortunately  there  is  no  means  of  automated 
temperature  control  of  the  rare  earth  rod.  Visual  control  of  temperature  is  difficult 
because  the  quartz  tube  fogs. 

BAD  has  implemented  power  stabilization  circuit  for  the  RF  induction  heater.  This  has 
resulted  in  a  reduction  of  process  labor.  This  process  still  requires  constant  monitoring 
and  subtle  adjustments  in  position  and  temperature  in  order  to  yield  high  quality 
materials.  Typical  process  rates  are  approximately  18  inches  per  hour. 

Prior  to  contract  award,  BAD  attempted  to  grow  true  single  crystals  by  slowing  down 
the  baseline  float  zone  process.  The  result  was  a  rod  that  tried  to  grow  single  but  in  the 
wrong  direction.  The  magnetostrictive  strain  field  performance  of  these  rods  were 
much  lower. 


3 


TEMPERATURE'C 


1600 

1500 

1400 

1300 

1200 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 


6.0  Traveling  Heater  Method  (THM) 

The  traveling  heater  method  is  a  zone  refining  process.  This  method  has  been  used 
successfully  to  grow  high  quality  Cadmium  Telluride  and  Gallium  Arsenide  crystals. 
The  process  as  is  pertains  to  Terfenol  is  illustrated  in  Figure  6-1.  There  are  three  rare 
earth  compounds  associated  with  crystal  growth  process:  (1)  Terfenol-D  seed,  (2) 
eutectic  solvent,  and  (3)  a  Terfenol-D  feed  rod.  The  furnace  or  the  process  sample  may 
be  translated  in  this  process.  The  Terfenol-D  seed  provides  crystal  growth  surface.  This 
seed  would  eventually  be  refined  during  processing  into  a  "single  crystal  seed".  The 
eutectic  solvent  provides  a  means  of  lower  temperature  transport  of  raw  materials  to 
the  seed  as  well  as  filters  out  impurties.  The  feed  rod  is  provides  the  raw  material  for 
crystal  growth. 

Rare  earth  compounds  have  a  great  affinity  for  oxygen.  Raw  materials,  compounding, 
casting  and  final  processing  steps  all  introduce  oxides  (or  other  impurities)  into  the 
material.  These  oxides  would  contaminate  the  material  and  one  would  expect  an 
impact  upon  magnetostrictive  performance.  It  is  therefor  desirable  to  purge  the 
material  of  oxides.  THM  does  just  that.  The  problem  of  rare  earth  oxides  contamination 
is  eliminated  in  THM  by  virtue  of  the  oxides  lower  density  relative  to  the  eutectic 
solvent.  The  traveling  furnace  moves  upwared  carrying  the  solvent  and  oxides  along 
with  it.  The  eutectic  solvent  of  choice  is  Tb20.2Dy48.3FG3i.4  wt  %. 

The  introduction  of  new  oxides  during  the  final  THM  processing  is  expected  to  be 
greatly  reduced.  Rare  earth  reaction  with  the  quartz  crucible  are  very  low  due  to  the 
lower  zone  refining  temperature  of  approximately  900°C  (ref.  Figure  5-1).  The  reaction 
rate  decreases  by  a  factor  of  10  for  each  50°C  drop  in  temperature.  The  THM  reaction 
rate  would  be  10'^  of  the  FZGM. 

This  process  requires  very  precise  control  over  temperature  and  translation  of  the 
eutectic  solvent.  The  lower  process  temperatures  permit  the  use  of  a  resistance  heater 
furnace  which  can  easily  be  automatically  controlled  to  ±0.2°C.  The  furnace  can  be 
translated  automatically  as  well  resulting  in  elimination  of  costly  labor. 

The  negative  side  of  this  process  is  its  relatively  slow  speed.  The  melting  of  the  feed  rod 
and  diffusion  of  the  materials  through  the  eutectic  solvent  are  slow.  EDO  estimates  a 
process  speed  of  .1  to  2  mm  per  hour.  When  balancing  the  requirement  for  slower 
process  speed  against  the  cost  benefits  of  (1)  greatly  reduced  labor  demands,  (2) 
reduced  energy  consumption,  and  (3)  reduced  material  costs,  the  speed  becomes  less  of 
an  issue. 

The  engineering  design  and  sketches  of  the  hardware  associated  with  the  THM  process 
and  alternate  processes  (Dash  and  Czochralski)  undertaken  in  this  contract  are 
provided  in  the  Appendix.  Materials  and  equipment  were  purchased  under  contract  to 
support  primarily  the  THM  process  development. 
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Figure  6-1  Traveling  Heater  Method  Illustration 


7.0  THM  Crystal  Growth  Experiment  and  Results 

In  advance  of  the  procurement  of  the  engineered  crystal  growing  equipment,  EDO 
attempted  to  grow  single  crystal  Terfenol-D  utilizing  existing  laboratory  equipment. 

The  composition  of  the  feed  and  seed  rods  should  be  stoichiometrically  balanced  RFe2. 
Crystal  growth  with  off  stoichiometric  compositions  would  eventually  change  the 
eutectic  melting  temperature.  Since  the  planned  process  length  was  short  (~4-5  mm), 
float  zone  refined  Terfenol-D  material  was  substituted  The  feed  and  seed  rod 
compositions  were  Tbi6.9Dy43.3Fe39.8  wt  %  while  the  eutectic  was  Tb20.2Dy48.3Fe3i.4  wt 
%.  The  resistance  heater  was  not  available  at  the  time  of  experiment  and  so  an  existing 
induction  heater  was  utilized.  Constant  attention  was  required  in  order  attempt  to 
maintain  a  uniform  zone  temperature.  A  slow  and  smooth  motorized  translation 
system  was  not  available  and  therefore  required  the  operator  to  periodically  make  large 
(.3  mm)  translational  steps  of  the  sample.  The  process  test  required  approximately  12 
hours  to  complete.  The  rate  of  movement  was  0.5  mm  per  hour  resulting  in  an  net 
translation  of  6  mm.  When  the  zone  refined  region  was  removed  from  the  feed  rod  and 
fractured,  there  appeared  to  be  3  large  crystals  and  5  small  crystals.  A  photograph  of 
the  fractured  THM  sample  is  illustrated  Figure  7-1.  Analysis  of  the  sample  using  X-ray 
florescence  energy  dispersion  technique  at  two  locations  are  provided  in  Figures  7-2 
and  7-3.  The  measurements  indicated  that  the  composition  was  39.48%  Fe,  19.63%  Tb, 
40.89%  Dy  and  37.40%  Fe,  17.27%  Tb,  45.32%  Dy  for  the  respective  samples.  The 
DyxTb(i.x)  component  of  RFe2  is  expected  to  be  57%  but  is  actually  approximately  60- 
63%  or  rare  earth  rich. 

Joseph  Tetter  of  NSWC /Silver  Spring  requested  use  of  crystal  sample  for  further 
evaluation.  The  samples  were  to  be  prepared  at  NSWC  prior  to  testing  in  England.  The 
sample  would  be  evaluated  using  two  techniques:  (1)  differential  interference  contrast 
and  (2)  Berg-Barrett.  The  differential  interference  technique  uses  coherent  visible  light 
over  a  range  of  wavelengths.  When  actived  with  a  magnetic  field  a  rotationally 
twinned  surface  looks  different  than  single  crystal  surface.  The  Berg-Barrett  technique 
utilizes  the  scattering  of  low  energy  X-rays  incident  at  a  90°  angle  re  the  normal  to  the 
crystal  surface.  Again,  when  actived  with  a  magnetic  field,  a  rotationally  twinned 
surface  scatters  the  X-rays  differently  than  single  crystal  surfaces. 

Joseph  Tetter  did  identify  8  single  crystals  within  the  sample  provided.  The  ma^etic 
measurements  using  the  stated  techniques  resulted  in  some  odd  results  (no  detailed 
results  were  disclosed  to  EDO).  Tetter  performed  his  own  chemical  analysis  yield  the 
following  compound  Tbo.9Dy3i.6Fe57.5  wt  %  or  what  Tetter  believed  to  be  RFe3.  NSWC 
has  retained  the  sample. 

The  rate  of  diffusion  of  Tb  and  Dy  through  the  eutectic  solvent  would  be  different.  Dy 
would  diffuse  more  rapidly.  If  the  zone  was  translated  to  quickly  or  erratically  than  it  is 
conceivable  that  an  imbalance  in  Tb  and  Dy  diffusion  could  occur,  resulting  in  primarily 
a  DyFe  product. 

The  discrepancies  between  the  EDO  and  NSWC  measurements  of  composition  have 
remained  imresolved. 


Small  Crystal 


Figure  7-1,  THM  Terfenol  -  D  Crystal  Sample 


Figure  7-2  THM  Terfenol-D  Crystal  Chemical  Analys 


Figure  7-3  THM  Terfenol-D  Crystal  Chemical  Analysis,  Sample  Point  B 


Appendix 

Engineering  Design,  Analysis  and  Drawings 


A.1  Vacuum  System 

Because  oxides  are  a  difficult  to  control  contaminant  in  the  Terfenol  crystal 
growing  systems,  many  operations  must  be  carried  out  under  vacuum. 

Figure  A-1  shows  the  layout  of  the  plaimed  vacuum  system  for  the  Terfenol 
laboratory.  This  system  was  designed  to  make  use  of  a  single  rough  pump 
and  cryopump  for  all  the  laboratory's  needs.  Tubing  runs  have  been  kept  as 
short  as  possible,  and  there  are  numerous  valves  that  are  used  to  seal  off 
portions  of  the  system  when  they  are  unused,  minimizing  the  volume  to  be 
evacuated.  Figures  A-2A  and  A-2B  are  a  parts  list  with  cost  estimates  for  this 
vacuum  system. 

A.2  Traveling  Heater  Method 

Figure  A-3  is  conceptual  layout  drawing  for  the  traveling  heater  method 
apparatus.  Once  a  Terfenol  rod  is  cast  inside  a  small  diameter  quartz  tube,  it 
is  suspended  from  a  pulley  by  a  cable.  The  casting  is  slowly  lowered  down 
through  the  central  diameter  of  a  silicon  carbide  heating  element.  A  small 
segment  of  the  heating  element,  approximately  1  inch  long,  is  surrounded  by 
an  aluminum  silicate  insulating  ring.  This  causes  a  local  area  of  higher 
temperature  inside  the  heating  element  that  becomes  the  melt  zone  of  the  cast 
Terfenol  rod.  Crystalline  Terfenol  forms  in  the  base  of  the  melt  zone.  The 
melt  zone  travels  up  the  rod,  until  a  large  segment  of  the  rod  has  formed  the 
hopefully  single  crystal  Terfenol. 

The  rod  must  be  lowered  through  the  melt  zone  slowly  enough  that  the 
crystals  have  time  to  form.  Experience  with  other  growth  apparati  of  this  type 
suggests  that  the  proper  rate  will  be  in  the  vicinity  of  4  mils/hr  to  40  mils /hr. 
Such  slow,  controlled  motion  requires  a  drive  motor  with  a  very  large 
reduction  gearing.  Consistent  crystal  growth  also  requires  very  smooth 
motion.  The  allowable  variation  in  velocity  is  unknown,  but  ±1%  was  used  as 
a  design  goal. 

A  platinum-rhodium  thermocouple  is  required  to  withstand  the  high 
temperatures  in  the  heating  zone  (approximately  1350°C).  It  is  positioned 
inside  the  heating  element  and  used  as  a  feedback  sensor  to  the  temperature 
controller,  controller,  an  SCR. 

Figure  A-4  is  an  apparatus  parts  list  for  the  Traveling  Heater  Method,  with 
estimated  costs  and  targeted  acquisition  dates. 

A.3  DASH  and  Czochralski  Methods 

Because  the  DASH  method  of  crystal  growth  is  a  variation  of  the  well  known 
Czochralski  method,  there  can  be  much  commonality  to  the  apparati  required 
for  both  methods.  This  was  considered  in  our  apparatus  design.  Both 
methods  were  to  be  carried  out  inside  the  same  water  cooled 
pressure/ vacuum  chamber.  The  heating  elements  and  some  associated 
apparati  would  be  different  for  each,  as  described  below. 
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A.3.1  DASH  Method  Apparatus 


Figure  A-5  is  a  conceptual  layout  drawing  for  the  DASH  Method.  In  this 
method  the  single  crystal  is  pulled  slowly  upward  out  of  the  melted  surface 
of  a  cast  boule  of  raw  Terfenol  materials. 

The  boule's  surface  is  heated  by  an  induction  heater  with  a  concentrator  coil. 
The  purpose  of  the  concentrator  coil  is  to  confine  the  induction  heating  to  a 
small  area  at  the  center  of  the  boule.  Figure  A-6A  is  a  concept  sketch  of  the 
concentrator  coil,  showing  the  coil  in  relation  to  the  melted  surface  of  the 
boule.  Figures  A-6B  and  A-6C  show  two  experimental  coil  designs.  The 
concentrator  coil  is  cooled  by  water  flowing  through  the  conductor  coils  that 
would  be  brazed  to  its  surface.  Figures  A-7A  and  A-7B  are  design 
calculations  that  were  used  to  estimate  the  required  water  flow  rates  to 
adequately  cool  the  concentrator  coil.  Figure  A-8  is  a  feed-through  design  for 
transmitting  power  and  cooling  water  to  the  concentrator  coil. 

Additional  details  can  be  noticed  in  the  overall  concept  drawing.  Figure  A-5. 

A  platinum-rhodium  thermocouple  is  positioned  as  closely  as  possible  to  the 
melted  surface  for  temperature  measurements  (approximately  1350°C). 

Motor  #1  drive  the  moving  crosshead  that  slowly  pulls  the  crystal  upward 
out  of  the  melt  at  a  rate  of  .02  to  .5  inches  per  hour.  Motors  #2  and  #3  rotate 
the  boule  and  sample  in  opposite  directions  at  rates  of  somewhere  between  25 
and  40  RPM.  The  hand  crank  and  roller  screw  are  used  to  raise  the  boule  to 
compensate  for  its  loss  of  volume  as  material  is  pulled  from  the  surface  to 
form  the  crystal.  The  hand  crank  was  low  cost  alternative  to  another  motor 
drive  system.  It  was  plarmed  to  have  the  hand  crank  replaced  by  another 
motor  drive  after  proof-of-concept  experiments  had  been  performed. 

A.3.2  Czochralski  Method  Apparatus 

The  Czochralski  method  has  some  similarity  to  the  DASH  method,  but 
instead  of  melting  the  surface  of  a  boule  by  induction  heating,  a  crucible  of 
amorphous  Terfenol  is  melted  by  a  resistance  heating  furnace.  Because  of  the 
similarities,  the  same  water-cooled  vacuum /pressure  vessel  would  be  used 
for  both  methods.  Both  methods  take  place  inside  a  pressure  vessel  that  has 
first  been  evacuated  to  about  10-7  Torr,  then  backfilled  to  a  positive  20  psi 
with  argon  gas.  These  precautions  are  to  prevent  contamination  of  the  raw 
material  or  crystal  with  oxides.  Figures  A-9A  and  A-9B  are  preliminary 
working  drawings  for  the  chamber  details.  The  pressure  vessel  would  be 
cooled  by  water  flowing  through  channels  in  the  walls,  base,  and  cap.  It  was 
planned  to  use  shrink-fit  construction  to  form  these  water  channels  in  the 
walls  of  the  vessel.  Figures  A-lOA  through  A-IOC  are  design  calculations  for 
this  type  of  construction.  Figures  A-llA  through  A-llD  are  computerized 
calculation  results  that  were  used  in  making  design  trade-offs. 
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Figures  A-9A  and  A-9B  show  the  Czochralski  method,  with  a  crucible  inside 
the  heating  furnace.  The  furnace  is  surrounded  by  a  heat  shield  made  of  three 
layers  of  30  mil  thick  tantalum  sheets.  Figure  A-12  is  a  pedestal  to  position 
the  crucible. 

In  the  initial  concept  for  the  Czochralski  method,  a  ring  a  five  silicon  carbide 
heating  elements  surrounding  the  crucible  was  considered.  Figures  A-13A 
and  A-13B  were  created  during  this  effort.  This  approach  was  later 
abandoned  in  favor  of  the  molybdenum  wire  required  1400°C  and  provided 
significant  cost  savings  over  the  silicon  carbide  elements  or  molybdenum- 
disilicide  wire  elements. 

Figures  A-14A  and  A-14B  are  a  combined  parts  list  for  the  DASH  and 
Czochralski  methods  with  estimated  costs  and  target  acquisition  dates. 

A.4  Compounding  and  Casting  Apparatus 

Regardless  of  the  method  of  crystal  growth,  it  was  considered  important  to 
control  oxide  contamination  in  the  raw  material  as  it  was  mixed  and  cast.  A 
Vacuum  chamber  for  mixing  raw  materials  was  plarmed.  Figures  A-15A  and 
A-15B  show  a  pressure  cap  for  this  chamber.  During  mixing,  it  was  planned 
to  thorough  mix  the  molten  Terfenol  constituents  by  using  an  yttria  stirring 
paddle.  The  handle  of  this  paddle  would  protrude  through  the  central  hole 
of  the  pressure  cap.  Figure  A-16  is  a  drawing  of  the  stirring  paddle,  and 
Figures  A-17A  and  A-17B  depict  modifications  of  a  standard  pressure  fitting 
to  allow  passage  of  the  paddle's  handle. 

Figure  A-18  is  a  fixture  used  to  hold  6  quartz  tubes  inside  the  vacuum 
chamber  (a  larger  diameter  quartz  tube)  so  that  all  six  could  be  cast  full  of  raw 
Terfenol  during  one  casting  session. 

A.5  Strain-Field  Testing  Apparatus 

Figures  A-19  through  A-26  are  drawings  and  design  calculations  used  in 
developing  a  test  apparatus  for  low  frequency  testing  of  Terfenol  rods. 

Figure  A-19  is  an  estimate  of  the  lower  limit  of  strain  resolution  achievable 
using  strain  gage  techniques.  The  strain  gage  method  was  not  used,  however, 
due  to  concerns  over  how  the  strong  magnetic  fields  surrounding  the 
Terfenol  rod  would  affect  the  strain  gage  signals. 

Another  test  method  that  was  tried,  but  later  abandoned,  was  to  use  a  long 
lever  arm  to  amplify  the  strain  of  the  rod  under  test.  Efforts  were  made  to 
produce  the  lightest,  stiffest  lever  arm  possible  so  the  resonant  frequency  of 
the  apparatus  would  be  significantly  higher  than  the  frequencies  used  in 
testing.  Figure  A-20  is  a  calculation  of  the  area  moment  of  inertia  of  an  lever 
arm  having  the  cross  section  of  an  I-beam.  Figure  21  is  a  calculation  of  the 
resonant  frequency  of  the  same  beam,  and  the  amount  of  static  deflection  to 
under  its  own  weight.  Figures  A-22A  and  A-22B  are  computer  aided 
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calculations  used  in  making  design  trade-off  studies,  and  a  graphical 
representation  of  resonant  frequency  vs.  length  for  a  candidate  design.  Figure 
A-23  is  a  sketch  of  the  I-beam,  made  of  epoxy /graphite  composite,  that  was 
built  for  use  in  the  apparatus. 

The  strain  capability  of  a  Terfenol  rod  varies  with  the  amount  of  longitudinal 
stress  it  is  under.  The  test  fixture  had  provisions  for  supplying  a  controlled 
prestress  to  the  rod  from  a  pneumatically  driven  piston.  The  load  was 
applied  to  the  rod  ends  through  hemispherical  load-button-and-socket  joints 
that  would  transmit  longitudinal  force  without  transmitting  bending 
moments  to  the  rod.  This  concept  is  illustrated  in  Figure  A-24.  Stress 
calculations  for  this  joint  are  shown  in  Figure  A-25,  and  the  load  button  and 
socket  are  shown  as  drawings  6784RD1  and  6784RD2. 

Drawings  6784RD3  through  6784RD19  are  the  main  portions  of  the  test 
apparatus  frame  and  miscellaneous  fittings  used  in  conjunction  with  it. 

Figure  A-26  is  an  apparatus  parts  list. 
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(BOULE  MOTION) 
AMP/MOTION 
CONTROLLER  #1 
AMP/MOTION 
CONTROLLER  #2 


AMP /MOT I ON 
CONTROLLER  #3 


500.00 


2500.00 


3550.00 


2340.00 


2340.00 


4/12/93 


4/12/93 

X/12793 

4/12/93 


^  -/■4a 


THERMOCOUPLE 
PtRh  for  melt 
SCR 


TEMPERATURE 
CONTROLLER 
VACUUM  GAUGE 
TORR 


*  TANTALUM 
SHIELD 


^MATERIAL  FOR 
HEATER  BASE 
STANDOFFS 
VACUUM  PUMP 


*  CRUCIBLES 


*  CRUCIBLE 

PEDESTAL 


MOTION 

CONTROLLER  #4 


AMP/MOTION 
CONTROLLER  #4 


0-RINGS 


CABLING  FOR 
MOTORS/AMPS/CONT 
ROLLERS 


TERFENOL  RAW 
MATERIAL 


*  CZ  METHOD 
ONLY 


TOTAL  =  $61,210.00 


tn  VO  r-  00  CO  m  cn  rn  m 

CN  CN  CN  CM  CM  CO  CO  m  m  CO  ro 


rHRU  (.SEE  DEATAIL  A) 


MINIMUM  THREAD  RELIEF 


0,566±.003 


yA  ^  /S  B 


DIMBnJSONS  AFE  N  NCHE5  _ _ 

TOLSRANCHS 
ANGULAR  ±  1  /2  DEGREE 

2  PLACE  DEaA^ALS±  .03  ctdcqc 

3  PLACE  DECIMALS  ±,010  ^ 

DO  NOT  SCALE  THS  DRAVMNG  ENGRG 

MATERIAL:  releas 

mm 

YTTRIA 


DRAWN 

Rick  Daley 

CHECKED 

STRESS 

Rick  Daley 

ENGRG 

Rick  Daley 

RELEASE  DATE 

APPROVED 

SC:  05 
1 _ 

00 

CO 

1 

vD 

CM 

1 

EDO 

CORPORATION 

DRAWNG  TITLE: 
PADDLE 


SIZE  I  CODE  DENT  NO.  I  DWG  NO, 

A 124338 _ 

SCALE!  'nIONE  i 


SHEET,  1  OF  I 
FILE:  PADDLE.FCD 


^  tz.  /A 


R.010±,005 


Z) 

□: 

h- 


Q 

O 

LL 


(S 


LU 
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_J 

O 
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3 
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h- 


00 
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LU 
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F— 
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o 

LU 

VC 

o 

CD 

Q 


O  <C 

z 

<  LU 
O  > 
O 
X  O 
O  VC 

o 


CO 

o 

I 

C\J 

o 

IS 

I — I 

VC 

I 

o 


Q 

o 

CD 
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O 


VC 

I 

o 


Q 

O 


Q 

Q 

C 


Q 

O 


O 

Z 

<c 

o 

LU 

z 

I — I 

LL 


/-/6rC^/S.(iz 


h-nA 


25  3.90 


ERIAL!  6061-16  ALUMINUM 
SH  ALL  SURFACES  ARE  12^ 

OVE  SHARP  EDGESi  DEGREASE 


3.00 


/  /^e-i^/Vfc  Pa/ 


^/f  -  _/£ 

/f  >  /f  ^/f 


n*<-. 


“"  ^X) 


X  <*  <  /^  =^  _AjL—~y '>7  • 

4/r, 


=■? 


v.^ ,  (g. fY^Ya/)  v;, 

y 


//:  JJ  ^  c,  y^ 


/ rJn_  €  y-yy?^  /3  /x: 

K^r^y  ^  [^y<  ^  1‘XI 


A.  Are  Y'-y)p'-Y 

f^-G  6-a^c.  ye-^/i^^-*^ 


y'oo^  00^0  *7 


V 


y"  ^  [yMr-/?  ji^  Aj 


J'YtF  <r  y/)/yj 


C  -  .1  ty  Oy '’) 

•=^  C!r  J 


T'’-..7»o 

X-  ^-^o 
Z. 

6nfr 

/ 


y>^Aa.y  Uf^»< 


^  0.£7S' 


^  y^  ''  )7.\ 


—  ~tn 

J'Z- 


-J—cj-^y^  -  r^f  A‘ 
z^  y  ^  j  £ 


Z=  •5’.-’7^y  , 

z.^  / 

Z" 

^x.a^ 


■  /^Ay<  ^  ~  .  5’yi-  ~  ^  o  £" -  yc>/^y 

L^  ye'' 

-  <7y  P^. 

p  A'  /^  - 


7^  ^.T-Z/oQ  Jk 

L^ 


Z  ~  JOOO  =^ 

i--je- 


■A-z 


HXZ>^ 

8  rx' 


W=  yO  ^/) 


^  iS^eZj; 


y^/l  J77~ 

^<9^;  7^  /  0  7^ 

]/39 


/^/  yA  / 


VARIABLE  SHEET 


St  Input - 

—  Name — 

—  Output — 

-  Unit- 

• 

fl 

1078.0301 

1E7 

E 

I 

1.488 

386 

g 

A 

.6 

.05094 

rho 

15 

L 

2 

h 

.2 

tf 

.125 

tw 

1 

w 

Comment - 

************************************* 

FUNDAMENTAL  FREQUENCY  OF  FIXED-FREE 
BEAM:  HARRIS  PG.  7-15 

ALL  IN  IN-LBM  SYSTEM 
************************************* 

THIS  CASE:  GRAPHITE  EPOXY 


FUNDAMENTAL  FREQUENCY 

YOUNG'S  MODULUS  (OR  FLEX  MODULUS) 

MOMENT  OF  INERTIA 

GRAVITY 

AREA 

DENSITY 

LENGTH 

HEIGHT 

FLANGE  THICKNESS 
WEB  THICKNESS 
WIDTH 


=— ^— ===—  RULE  SHEET  — 

S  Rule - 

A=2*tf *w+tw* (h-2*tf ) 

I=(h-2*tf ) ~3*tw/12+tf ^3*w/6+2*w*tf* (h-tf/2)  ~2 
fl=.55953*sqrt(E*I*g/ (A*rho) ) /L~2 


IT" 


cr<-. 


'^j-. 


■> - ,J'L2.  3 Fl  ,  7y^ji:.<K) 

I 

o 


) 


)  ) 

^y'/-e..4r-? 


<^.  P.Jy 


'>r  ly 


/^/(^Uye.^  A  -23> 


\Ar7^^J  A^ 

Co  ^  ^  c-/^  ^  ^  <J 

'/'Jy  ^  .  « 

/^o*}  • 


/y^  i/ye.^  A  -2.>i 


S  SQUARE 


f’-  ^■2-gU. 

^  ^  -  .kzsr- 


A '2^ 


NUMBER 

TITLE 

FILENAME 

QUANTITY  REQ. 

6784RD1 

LOAD  BUTTON 

BUTTON . FCD 

2 

6784RD2 

BUTTON  SOCKET 

SOCKET . FCD 

2 

6784RD3 

JAM  NUT 

JAMNUT . FCD 

4 

6784RD4 

LVDT  BLOCK 

LVDTBLOC . FCD 

1 

6784RD5 

BUSHING  GUSSETT 

GUSSETT. FCD 

1 

6784RD6 

TOP  PLATE 

TOPLATE . FCD 

1 

6784RD7 

LEFT  SIDE  PLATE 

LS PLATE . FCD 

1 

6784RD8 

RIGHT  SIDE  PLATE 

RSPLATE . FCD 

1 

6784RD9 

BACK  PLATE 

BACKPLAT . FCD 

1 

6784RD10 

THREADED  ROD 

TROD . FCD 

3 

6784RD11 

BASE  PLATE 

BPLATE.FCD 

1 

6784RD12 

ROD  CHUCK 

RODCHUCK*FCD 

2  EA.  X  4  DASH 
NO.=  8 

6784RD13 

LEVER  PIVOT 

PIVOT. FCD 

1 

6784RD14 

SPACER  BLOCK 

SPACERBL.FCD 

1  EA.  X  3  DASH 
NO.  =3 

6784RD15 

BEARING  BLOCK 

BEARINGB.FCD 

3 

6784RD16 

AXLE 

AXLE. FCD 

3 

B8-1 

TEFLON  BEARING 

.252  O.D. 

.126  I.D. 

.125  LONG 

1 

6784RD17 

LEVER  BEAM 

1 

_ il _ 

/9  LcVtIiidj ,f:cP 


Test  Apparatus  Drawings 


APPLICATION _ 

NEX~  ASSY  I  USED  ON  ltr 


REVISIONS 

DESCRIPTION 


DATE  APPROVED 


0.875 

_ 0.500-13  UNC-2B  THRU 


45^^  .060 


MEDIUM  DIAMOND  KNURL 


NOTES,  UNLESS  OTHERVMSE  SPEOFED: 

I.FN6H  AS  STOCK. 

REA\OVE  ALL  BURRS  i  SHARP  EDGES. 
All  MACH^E  SURFACES  TO  BE 

UNLESS  OTHERVMSE  NOTED 


2.  CemFY  PART  BY  BAG  OR  TAG  VMTH 
PART  NUA\BB^  AND  REVISION  LETTH^  LEGBLY 

P®  Mt-STD-130  USNG  .12  INCH  HGH  CHAftACTS«. 

3.  RM9-fc  AUTOCAT ALYTC  NKXa/PTFE  COATNG,  SNTWS>  AT  75CrF 
.0003  ±  .0001  COATNG  THOChESS.  DWesBONS  APPLY  AFTER  COATING. 


RECOMMEM3Q)  SOURCE  OF  COAT>tt  LWCOLN  PLATNC 
LINCOLN,  NEBRASKA  (4021  275-3671 


UNLESS  OTHERWISE  SPECRED 
DIMB>190N5  ARE  N  NCHE5 

DRAWN 

TOLBRANC:£S- 
ANGULAR  ± 

CHECKED 

2  PLACE  DEOMALSi  ,03 

3  PLACE  DEClVALSi  .010 

STRESS 

DO  NOT  SCALE  THS  DRAWING 

ENJGRG 

Rick  Daley 


MATERIAL: 
STAINLESS  STEEL 
AISI  TYPE 
316  OR  316L 


RELEASE  DATE 

approved 


87-6784-78 


EDO 

CORPORATION 


DRAWING  TITLE; 


ELECTRO 

ACOUSTIC 

DIVISION 


JAM  NUT 


SIZE  CODE  DENT  NO.  DWG  NO. 

A  24338 


SCALEi  NONE 


6784RD3 


SHEET.  1  OF  1 


I  I 

-  -  1 - 


12-40  UNC-2B 
THRU  2  PLCS 


NOTK,  UNLESS  OTHB?V»tS6  SPEOHB> 

l.RNSH  AS  STOCK. 

REMOVE  ALL  BURS  I  SHARP  BXiES 
ALL  MAOt^E  SURFACES  TO  BE 

UNLESS  OTHERWISE  NOTED 


2.  Oam^Y  PART  BY  BAG  OR  TAG  wrTH 

PART  NUMBER  AND  REVISON  LETTER  LEOBLY 
PB^  MIL-5TD-I30  USTJG  .12  NJCH  HIGH  CHARACTERS 


UNLESS  OThBRWISE  SPECHED 
DIMBJSONS  ARE  N  NCI-CS 
TOLBRANCES 

ANGULAR  ± 

2PLACEDEaMALS±  .03 

3  PLACE  DEClVAvLS±  1 G 

DRAWN 

Rick  Doley 

\zr)r^  ELECTRO 

Ll  U'  W  ACOUSTIC 

CORPORATION  DIVISION 

CHEC<ED 

STRESS 

Rick  Daley 

DRAWING  TITLE; 

LVDT  BLOCK 

DO  NOT  SCALE  THS  DRAWING 

ENGRG 

MATERIAL! 

STAINLESS  STEEL 
AISI  TYPE 

316  OR  3I6L 

RELEASE  DATE 

APPROVED 

SIZE  CODE  DENT  NO.  DWG  NO. 

A  24338 

SC;  87-6784-78 

SCALE!  NONE  |  REVISION  A  SHEETi  |  OF  I 

Fll  F;  I  VDTBLOC.FCD 


_ t  |DWC  NO  I  B _ 

I  »i| _ (I  150)  _ REVISIONS  _ 

(MSE  sPECiFim  hH-%375  ZQCLTR I  DESCRIPTION  I  DATE  I AFPRQVBD 


I  FMSH  «  ST 


APPLICATION _ 

NEXT  ASSY  I  USED  ON  ltr  : 


REVISIONS 

DESCRIPTION 


DATE  APPROVED 


45"y  .060 
BOTH  ENDS- 


0.500-13  UNC-2A 


NOTES,  UNLESS  OTHERVMSE  SPEOFED: 

I .  FNSH  AS  STOCK. 

REMOVE  ALL  BURRS  t  SHARP  EDGES. 
ALL  AVACHhC  SURFACES  TO  BE 

UNLESS  OTHERVMSE  NOTED 


2.  CevTHFY  PART  BY  BAG  OR  TAG  VMTH 
PART  NUANBER  AND  REVISION  LETTER  LEG6LY 
PER  ML -STD-130  USt>JG  .12  INCH  UGH  CHARACTBRS. 


UNLESS  OTHERWISE  SPECRED 
DIMENSIONS  ARE  N  NCHE5 
TOLERANCES 
ANGULAR  ± 

2  PLACE  DEaMAL5±  .03 

3  PLACE  DECIMALS  ±  .010 


DRAVMM 

CHECKED 


STRESS 


DO  NOT  SCALE  THS  DRAVMNG  ENGRG 


Rick  Daley 


Rick  Daley 


Rick  Daley 


EDO 

CORPORATION 


ELECTRO 

ACOUSTIC 

DIVISION 


DRAWING  TITLE: 


MATERIAL! 
STAINLESS  STEEL 
AISI  TYPE 
316  OR  3I6L 


THREADED  ROD 


RELEASE  DATE 
APPROV 


SHEETi  1  OF  I 


FILE:  TROD, PCD 


NOTES,  UNLESS  OT>€RWISE  SPECIREQ 

1  FINISH  AS  STOCIC 

RB10VE  ALL  BURRS  AND  SHARP  S)GE& 

ALL  MACHI^e3  SURFACES  TO  BE  125  . 

2  METAL  STAMP  PART  NUMBER  AND  REVISION 
LETTBl  PBRMANBm.Y  AND  LEGIBLY  PER 
MIL-STD-138  USING  .12  INCH  HIGH  CHARACTERS. 
PART  NUMBER  IS  SAME  AS  DRAWING  NU«ER. 


a  MATBOALi  ALUK  ALLOY  0061-T8.  750  THICK  PLATE 
FINISH  HARO  ANOOIZB  J0e2  THICKNESS.  COLORi  BLACK 


2375 


UeB)ON 


(TASSr 


APPUOATION 


,  NIBVRETDRAWNQN 
lACCOIClANCE  WnW  DCDO-1000 


CTI  C.  Ri 


CTI  C.  RPI  ATP  pr.n 


.  .  1  .. 

1  DASH  NUMBERS  TABLE 

DASH  NO.  /MATERIAL 

i  DWENSION  ‘A' 

DIMENSION  'B' 

DIMENSION  'C 

1  -i  i  NOTE  3 

i  .365 

.250 

.530 

!  -2  1  note  3  1 

1  .355 

.500 

.530 

1  !  NOTE  4  i 

!  .365 

.750 

.530 

NOTE  3 
NOTE  3 


=  3 


■25 

.375 


.530 

,530 


■  ObD 

.3bb 


X  .190  MWRJU  T>0  - 

.  1 30  ThPSO  RaJ0= 


NOTES,  LMESS  OTVIBAN^Sf  SPfCPIE!> 

I.  RMS-»  AS  ST  OCX. 

RE.'AOVE  ALL  BURRS  4  SHARP  EDGES 
ALL  /S^ACHNE  SURFACES  TO  BE  12^7 

L'NLESS  OThERWSE  NOTED 


2.  DBvmFY  PART  BY  BAG  OR  TAG  WITH 

PART  NUMSER  AND  REVSON  LETTER  LEOBLY 
PB?  M|_-STD-i30  USNJG  .12  tsiCH  UGH  OHARA CTtrRS 


A  STAKiSSSTSL 

AS  TYPE  3I6  0P  316L 

CARSON  STEa 
AS  TYPE  1006  OR  lOIO 


DIMB^SONS  ARE  N  NCt-ES 
TOLHRANCES 
ANGULAR  ± 

2  PLACE  DGaMALS±  .03 

3  PLACE  DECIMALS^  H I  H 


r  p\  ELECTRO 

LIU'  W  acoustic 

CORPORATION  CHVISON 


EDO 

CORPORA  TIC 

DRAWING  TITLE; 


ROD  CHUCK 


SJZE  CODE  DENT  NO.  DWG  NO. 

A  1243381  67B4RDI2-D 

SCALE!  NONE  I  REVISION;  A  sheet,  l  OF  l 


FILE;  RODCHUCK.FCD 


APPLICATION 


NEX’'  ASSY 


USED 


ON 


LTR 


1  . . . ^ _ I 

_ REVISIONS 

DESCRIPTION 


DATE 


APPROVED 


NO~S,  UNLESS  OTV«VSlSE  SPEaFH> 

1 .  FN5H  AS  STOCK. 

FS>\OVE  Aa  BURRS  t  9^ARP  BX^5. 
AIL  /VAOtvJE  SLRFACES  TO  BE  12S< 

V 

U'M_ESS  OTHERWISE  NOTED 


2.  ramPY  PART  BY  BAG  OR  TAG  VMTH 
PART  NUANBB^  AM2  REV5JON  LEIItR  LEGBLY 
PS  Ml-STD-130  UST'JG  .12  INCH  HGH  CHARACTERS. 


UNLESS  OTHERWISE  SPECREO 
DlMa'JSONS  ARE  N  NCh€S 
TOLBRANCES 
ANGULAR  ± 

2  PLACE  DEaMALS±  .03 

3  PLACE  DECIV\ALS±  .01 D 


DRAVVM  Rick  Daley 

CHECKED 

STRESS  Rick  Daley 


DO  NOT  SCALE  THS  DRAWING 

MATERIAL! 
STAINLESS  STEEL 


ENGRG 


Rick  Doley 


RELEASE  DATE 

APPROVED 


AISI  TYPE 
316  OR  3I6L 


EDO 

CORPORATION 

DRAWING  TITLEi 


ELECTRO 

ACOUSTIC 

DIVISON 


LEVER  PIVOT 


SIZE 

CODE  IDENT  NO. 

DWG  NO. 

A 

24338 

67e4RDI3 

T  r 


SC:  87-6784-78 


SCALEi  NONE 


SHEET.  1  OF  1 
FILE:  PIVOT.FCD 


NOTESL  IK£SS  ^►€RWISE  SPECFl 
I  FMSH  /S  S70CX 
RBIOVE  ALL  BJKPS  AMD  SKA8P  I 
ALL  MACH1>€0  SURFACES  TO  BE 


FILE)  SPACB^BLFCD 


HOT£s,  Unless  otvb^mse  sPEaflB> 
I.FWBH  AS  STOCK. 

REMOVE  ALL  BURRS  &  SHARP  BX^S. 
ALL  MAOInC  SURFACES  TO  BG 

UNLESS  OTHERVMSE  NOTED 


2.  DBNmPY  PART  BY  BAG  OR  TAG  WTH 
PART  NUMBBl  AND  REVBJON  LETTER  LEGBLY 
PER  ML-STD-130  UStvJG  .12  INCH  HGH  CHARACTERS. 


C 


^^MSKk  AirrOCATALYTC  MCKa/PTFE  COATNG,  SInTTBRS)  AT  75CrF 
.0003  +  .0001  COATNG  THOQvJESS.  OMBNiSONS  APPLY  AFTER  COATING. 

FNSH  REOURSD  ON  K5CATED  SURFACE  ONLY  ( .156  THRU  KXB 

OTHER  SURFACES  OPTIONAL 

RECOA^MENOeO  SOURCE  OF  COATNG*  LNCOLNPLATNC 

LNCOLN,  hCBRASKA  [402)  275-3671 

UNLESS  OTHB^WBE  SPECRED 
DlMBsJSIONS  ARE  N  NChES 
TOLB^ANCES 

ANGULAR  ± 

2  PLACE  DeaAAALS±  ,03 

3  PLACE  DECIA\ALS±  .Hin 

DRAWN 

Rick  Doley 

P  r\  ELECTRO 

L  U  W  ACOUSTIC 

CORPORATION  DIVISION 

CHECKED 

STRESS 

DRAWING  TITLE: 

BEARING  BLOCK 

DO  NOT  SCALE  THS  DRAVMNG 

ENGRG 

MATERIAL! 
STAINLESS  STEEL 
AISI  TYPE 

316  OR  3I6L 

RELEASE  DATE 

APPROVED 

SIZE 

A 

CODE  IDENT  NO. 

24338 

DWG  NO. 

67B4RD15 

SCi  87-6784-78 

SCALE:  NONE 

SHEET.  1  OF  1 

I  i 

=ILE:  BEARINGB.FCD 

-  .188. 

.235 

.188 

.660 

NOTES,  UNLESS  OTHB^VtSE  SPECKED: 
I.FNSM  AS  STOCK. 

RE/V\OVE  ALL  BURRS  &  &^ARP  E)GeS. 
ALL  .V\ACHh£  SLFFACES  TO  BE  12^< 

UNLESS  OTHERWISE  NOTED 


0.250 


2.  DEMTIFY  PART  BY  BAG  OR  TAG  VMTH 
PART  NUMBS^  AhO  REVSON  LETTER  LEGBLY 
PER  ML-STD-iaO  USMG  .12  INCH  HGH  CHARACTERS. 

AITTOCATALYTK:  MCKR/PTFE  COATtvJG,  swre®  at  750T 
.0002  +  .0001  COATKG  THOQsESS.  DIA^B^fiONS  APPLY  AFTER  COATING. 

Fwan  mxjps>  ON  mxated  slrface  om.y  ( .iss  thw  holb 

OTM0?  SURFACES  OPDONAL 

RECOMMBsOCD  SOURCE  OF  COATTX;^  LMCOLN  PLATMC 
LNCOIH  SraRASKA  (402)275-367? 


UNLESS  OTHB?WlS£  SPECRED 
DIMBJ30N5  ARE  N  NCHES 

DRAWM 

TOUB^ANCESi 

ANGULAR  ± 

CHECKED 

2  PLACE  DEOMALSi  ,03 

3  PLACE  0ECl^V>J.S  ±.010 

STRESS 

DO  NOT  SCALE  THS  DRAWING 

ENGRG 

EDO 

CORPORATION 


DRAWING  TITLEi 


ELECTRO 

ACOUSTIC 

DIVISION 


MATERIAL! 
STAINLESS  STEEL 
AISI  TYPE 
316  OR  3I6L 


RELEASE  DATE 


SCi  87-6784-78 


AXLE 


SIZE  CODE  DENT  NO.  DWG  NO. 

A  24338 


SCALEi  NONE 


67B4RDI6 


SHEETi  I  OF  1 


FILE:  AXLE.FCD 


f  *1 

V, 

f 

-  d 

1-  d .  ys-o 


o  u/dr 


/^o  <3/'  “7^)?  9/ 


pwo  ^  i^p^By ypjipjy 


NOTES,  UH^SS  OTHB?W]SE  SPECFIEQ 

1  HNISH  AS  STOCK. 

RBiOVE  ALL  BURRS  AW3  SHARP  EDGES 
ALL  MACHD€D  SURFACES  TO  BE  125  . 

2  ^eTAL  STAff*  PART  NUMBO?  AlO  REVISION 
LETTER  PBIMAiem-Y  AMI  LEGIBLY  PER 
MIL-STD-130  USING  .12  INCH  HIGH  CHARACTERS 
PART  NU^BBI  IS  SAhE  AS  DRAWING  NUIEER 

3  rtATERIAL.  ALUK  ALLOY  6061-Ta  250  THICK  PLATE 
1  RNISK  HARO  ANODIZE  002  THIC»eSS,  COLOR.  BLAa 


REVISION 
LX  PER 

H  CHARACTERS 
INS  NUMBER. 

.  750  THICK  PUTE 
3CI€SS.  COLORi  BLACK 


OI^€^6IOHSINC  AW  TOLERAMCDC 

FBI  ANSI  Y  MSN- 1982 

UW.ESS  OTHBIWISE  SPECIFIED 

DD€MSIOHS  ARE  IN  INCHES 

cTjQ  aecTFD 

ACOUSTIC  2W6SOLnVl300 

CORPORATION  ovbcn  SALTLAFEORY.UI 

tabletop 

TOLERANCES* 

9  PI  nPniMAL  .flrr 

ai  DRAWN  BY 

3  PLACE  OECWAL  .010  p 

DATE 

SIZE  CAGE 

R  2^338 

DWG  NO.  578^018 

NEXT  ASSY 

use)  ON 

INTeVRET  DRAWING  IN 
ACCORDANCE  WITH  DOO-0-1000 

BJGINEBI 

R.  Daley 

SCALE  NONE 

SHEET  1  C 

APPUCATION 

FILB  tabletop. 


678^018 


SCALB  NONE 


FILEi  tabletopFCO 


APPLICATION _ 

NFXT  ASSY  I  USED  ON  ltr 


REVISIONS 

DESCRIPTION 


DATE  APPROVED 


-0,5001.005  THRU 


R  ,338-^ 
BOTH  ENDS 


0.138-32  UNC  2B  THRU- 


in 

r\ 

CD  vO 


NOTES,  UNLESS  OTVB^NMSE  SP£aFB> 

I .  FNBH  AS  STOCK, 

REMOVE  ALL  BURRS  &  SHARP  BX^ES.^ _ 

ALLA\AOM  SURFACES  TO  BE 

UNLESS  OTHERVMSE  NOTED 


2.  DBvTTlFY  PART  BY  BAG  OR  TAG  WTH 

PART  NUASBB^  AND  REV6JON  LETTER  LEGBLY 
PER  ML-STD-130  USNG  A7  INCH  HGH  CHARACTS«. 


UNLESS  OTHB^WISE  SPECRED  IqraWN 
DIMB^SIONS  ARE  N  NCHE5  ' 


Rick  Daley 


TOLB^ANCESi 
ANGULAR  ± 

2  PLACE  DEOMALSi  .03 

3  PLACE  DECtMALS± 


CHECKED 

STRESS 


DO  NOT  SCALE  THS  DRAWING  ENGRG 


MATERIAL  I  [release  date 

STAINLESS  STEEL 
AISI  TYPE 
316  OR  316L 


n  p\  /-"N  ELECTRO 

L  lO  LO  ACOUSTIC 

_ CORPORATION  DIVISION 

DRAWING  TITLE: 

LEVEL  ADJUSTER 


SCi  87-6784-78 


SIZE  I  CODE  IDENT  NO.  DWG  NO. 

A  24338 


SCALEi  NONE 
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